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SUMMARY  PAGE 


THE  PROBLEM 

To  investigate  the  effects  of  environmental  temperature  changes  on  the  heart  rate 
and  T-wave  amplitude  of  squirrel  monkeys  (Saimiri  sciureus). 


FINDINGS 

Electrocardiograms  of  four  monkeys  were  recorded  during  exposure  of  the  animals  to 
air  slowly  heated  5° -8°  C  above  room  level .  Neither  rectal  nor  skin  temperature  was 
affected.  Deceleration  of  the  heart  and  increase  in  T-wave  amplitude  under  these  con¬ 
ditions  are  noteworthy  phenomena.  As  a  control,  EKG  records  for  two  of  the  monkeys 
were  similarly  recorded  during  exposure  to  slowly  cooling  air.  Rectal  temperature  showed 
a  very  small  change.  Heart  rate  and  respiration  rate  increased  and  T-wave  amplitude 
decreased  considerably. 
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INTRODUCTION 


The  maintenance  of  body  tempera  tore  about  a  fixed  point  within  a  wide  range  of  en¬ 
vironmental  temperatures  is  a  defining  characteristic  of  homeotherms.  A  number  of  studies 
has  shown  that  when  the  limits  are  exceeded  and  the  body  temperature  modified,  marked 
changes  occur  in  the  heart  rate  (1).  Less  attention  has  been  given  to  the  response  during 
small  ambient  temperature  changes  when  body  temperature  is  still  regulated  within  the 
homeostatic  range.  Adult  men  exposed  to  warm  environments  are  reported  to  show  in¬ 
creased  heart  rates  although  their  body  temperatures  remained  normal  (9,17).  However, 
comparative  data  on  cardiac  responses  in  primates  during  environmental  temperature 
changes  are  lacking. 

Values  for  norma!  heart  rates,  body  temperatures,  and  respiration  rates  of  squirrel 
monkeys  have  recently  been  published  (2).  While  it  has  been  reported  that  the  heart 
rate  of  the  squirrel  monkey  provides  a  sensitive  index  of  the  severity  of  various  environ¬ 
ments  (8),  the  response  of  the  squirrel  monkey  to  changes  in  ambient  temperature  has  not 
been  described.  Due  to  the  increasing  use  of  the  parameters  of  the  squirrel  monkey's 
electrocardiogram  (EKG)  as  an  experimental  index  (3,8),  a  study  was  performed  to  deter¬ 
mine  the  effect  of  ar»  environmental  air  temperature  change  on  the  EKG  of  squirrel  mon¬ 
keys  while  their  body  temperature  remained  constant. 

APPARATUS  AND  PROCEDURE 

Two  male  and  two  female  adult  squirrel  monkeys  (Saimiri  sciureus),  weighing  between 
450  and  500  grams,  served  as  subjects.  Except  for  test  sessions,  the  animals  were  housed 
in  the  U.  S.  Naval  School  of  Aviation  Medicine  colony.  Cage  room  temperature  was 
maintained  at  78° -81°  F.  The  monkeys  were  adapted  to  restraint  by  using  slowly  increas¬ 
ed  perioas  of  immobilization  for  several  weeks.  At  the  time  of  the  experiments  all  mon¬ 
keys  were  accustomed  to  seven  hours  of  continuous  restraint.  The  restraint  consisted  of  a 
fitted,  half-cylindrical  couch  providing  ample  ventilation  into  which  the  monkey  was 
placed  on  its  back.  The  unanesthetized  animal  was  fixed  in  place  by  a  series  of  Velcro 
(Amer.  Velcro,  Inc.)  strips  across  the  front  of  the  restrainer. 

A  Sanborn  Cardiette  was  used  to  monitor  the  EKG.  Two  smail  disc-shaped  electrodes, 
9  millimeters  in  diameter,  were  taped  to  the  left  and  right  sides  of  the  shaved  chest. 

Plastic  foam  soaked  with  electrode  paste  was  placed  between  the  electrode  and  the  chest. 
Gauze  was  wrapped  around  the  animal  to  prevent  the  taped  electrodes  from  slipping. 

Core  was  taken  not  to  restrict  the  monkey's  breathing .  The  restrained  animal  was  main¬ 
tained  in  an  upright  position  at  all  times. 

Several  different  techniques  were  used  to  regulate  air  temperature  around  the  mon¬ 
key.  In  the  first  heating  test,  the  air  was  warmed  by  using  a  flexible  asbestos  heuting 
belt  arranged  near  the  monkey.  The  monkey  wos  enclosed  within  a  plastic  hood  with 
numerous  holes  for  ventilation.  In  the  other  heating  tests,  the  animal  v/as  placed  either 
in  a  foil-lined  box  or  in  a  copper  tube  of  slightly  greater  diameter  than  the  restrainer. 
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There  was  ampie  air  fiow  for  ventilation  through  both  systems.  A  neater  with  a  fan  and 
thermostat  was  placed  near  the  box  or  tube,  and  the  air  around  the  monkey  was  warmed 
by  radiation  from  the  sides  of  the  container.  The  cooling  apparatus  consisted  of  a  copper 
cylinder  with  water  coils  around  it.  By  regulating  the  temperature  of  the  water  pumped 
through  the  coils,  the  air  Temperature  within  the  cylinder  couid  be  changed  appropriately. 
An  air  pump  provided  an  ample  air  flow.  Air  temperature  was  monitored  by  thermistors. 
Most  experiments  used  two  probes,  one  attached  one  inch  from  the  back  of  the  restrainer 
at  neck  level  and  the  other  placed  one  inch  in  front  of  the  restrainer  at  msdseciion.  In 
the  few  cases  where  only  one  probe  was  employed,  the  former  location  was  uxd.  Rectal 
temperatures  were  monitored  in  two  cases  to  insure  that  the  environmental  temperatures 
used  did  not  alter  body  temperatures.  Skin  temperature  was  also  monitored  by  taping  a 
surface  probe  to  the  monkey's  shaved  abdomen. 

During  the  test  session,  the  restrained  monkeys  were  visually  isolated  from  the  experi¬ 
menters.  Through  a  speaker  placed  about  a  foot  frcm  the  monkey's  head,  a  70-80  db 
"white"  noise  was  presented  to  mask  extraneous  room  sounds  which  might  affect  heart  rate. 
Preliminary  work  indicated  that  baseline  heart  rate  did  not  stabilize  until  the  monkey  had 
been  in  the  experimental  situation  for  at  least  an  hour.  Accordingly,  baseline  samples 
were  not  begun  until  about  1-1/2  hours  after  restraining  the  monkey.  Thus,  the  first  hour 
of  baseline  or  control  EKG  data  represent  the  third  hour  of  isolated  restraint  for  the  mon¬ 
key.  EKG's  were  recorded  for  a  period  of  one  minute  at  regular  intervals.  The  tempera¬ 
ture  increases  were  between  5° -8°  C  over  a  one  to  two-hour  period.  These  rather  small 
changes  were  chosen  in  order  to  allow  the  animal  to  maintain  his  normal  body  temperature. 
Another  test  was  run  in  which  a  monkey  was  exposed  to  a  15°  C  rise  in  ambient  tempera¬ 
ture  in  five  minutes.  In  addition,  two  of  the  animals  employed  in  the  warm  exposure  were 
later  exposed  to  a  temperature  decrease  of  8°-10°  C  over  a  similar  time  period.  This  pro¬ 
cedure  provided  further  information  on  the  temperature  continuum,  as  well  as  establishing 
an  experimental  control  on  the  effects  of  excitement  on  the  heart  rate.  A  summary  of  the 
temperature  conditions  employed  as  well  as  the  data  obtained  is  presented  in  Table  I  of 
the  RESULTS  section. 

The  EKG's  were  evaluated  to  obtain  heart  rates  and  T-wave  amplitudes  for  each  min¬ 
ute  sampled.  Heart  rate  was  determined  for  the  first  six  beats  in  fifteen  three-second 
cycles.  The  median  of  these  fifteen  samples  was  taken  to  represent  the  heart  rate  at  that 
point. 

T-wave  amplitudes  were  determined  with  respect  to  the  P-Q  junction  in  the  baseline. 
The  T-wave  at  the  height  of  the  first  breathing  cycle  in  each  three-second  division  of  the 
EKG  was  measured.  Fifteen  such  measurements  were  made  to  determine  the  average  T- 
wave  amplitude  for  a  one-minute  period.  Breathing  rates  were  established  by  measuring 
the  cyclical  variation  in  the  height  of  the  T-waves.  The  median  of  eleven  readings  was 
used  to  represent  breathing  rate  for  a  one-minute  sample.  Breathing  rates  could  not  be 
obtained  in  three  of  the  seven  tests  due  to  fluctuating  baselines  or  faint  stylus  tracings. 
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RESULTS 


The  effects  of  small  environmental  temperature  elevation  on  the  cardiac  functions 
and  breathing  rate  are  shown  in  Figures  1,  2,  and  3.  A  detailed  record  of  the  response 
of  monkey  LI  (Figure  1)  with  respect  to  time  and  temperature  shows  that  recta!1  and  skin 
temperatures  remained  constant  throughout  the  trial.  No  systematic  change  appeared  in 
respiration  rate.  In  contrast,  heart  rate  decreased  and  T-wave  amplitude  increased  c'- 
most  immediately  with  rising  environmental  temperature.  The  abrupt  and  atypical  termi¬ 
nation  of  the  trial  was  due  to  an  apparatus  failure. 

The  changes  in  heart  rate  and  T-wave  amplitude  with  respect  to  time  are  shown  for 
monkey  MK  in  Figure  2.  The  baseline  heart  rate  dropped  fairly  abruptly  during  the  heat¬ 
ing  period;  however,  the  minimum  heart  beat  values  were  reached  fifteen  to  twenty -five 
minutes  after  the  peak  temperature  was  attained.  It  is  also  evident  that  the  posttreatment 
level  was  considerably  more  variable  than  the  pretreatment  baseline.  The  postheating 
effect  may  reflect  the  body's  reflex  attempt  to  maintain  homeostatic  balance  in  the  face 
of  the  rapid  increase  and  decrease  in  air  temperature. 

The  marked  correlation  between  T-wave  amplitude  and  ambient  temperature  elevation 
is  readily  seen  in  data  from  monkey  LZ  (Figure  3).  The  sharp  changes  in  T-wave  ampli¬ 
tude  paralleled  air  temperature  changes  but  with  a  nearly  constant  thirty  minute  lag.  The 
magnitude  of  heart  rate  deceleration  was  somewhat  less  than  in  the  other  monkeys  but  was 
still  apparent.  During  the  two-hour  baseline  heart  rate  only  three  points  fell  below  275 
beats/minute.  I.'  contrast,  during  the  period  of  high  temperature  and  for  a  short  time  after 
(during  falling  temperature),  the  heart  rate  dropped  to  less  than  260  bears/minute  for  near¬ 
ly  one  hour.  The  heart  rate  returned  to  the  baseline  about  one  hour  after  the  air  tempera¬ 
ture  returned  to  a  norma!  value. 

The  physiological  responses  of  monkey  LI  to  a  fall  in  air  temperature  are  shown  in 
Figure  4.  While  body  temperature  remained  relatively  constant,  heart  rate  rose  rapidly, 
leveled  off,  and  then  rlowly  returned  to  the  baseline  as  the  air  temperature  returned  to 
27°  C.  T-wave  amplitude  dropped  as  the  air  temperature  charged,  and  the  T-wave  mini¬ 
mum  lagged  twenty  minuies  behind  the  temperature  minimum.  Breathing  rate  followed  a 
pattern  similar  to  heart  rate  and  showed  a  quick  return  to  baseline  values.  A  small  over- 
and  under-compensation  can  be  seen  in  the  rectal  temperature  during  the  lowered  air 
temperature,  indicating  temperature  regulation  by  the  monkey. 

The  effects  of  environmental  temperatuie  changes  on  heart  rate  and  T-wave  amplitude 
for  all  trials  are  summarized  in  Table  I.  The  baseline  values  for  heart  rate  and  T -wave 
amplitude  represent  the  medians  of  six  to  ten  one-minute  samples  obtained  during  the  con¬ 
stant  temperature  period.  The  experimental  values  represent  the  median  of  three  to  five 
successive  one-minute  samples  taken  five  minutes  opart  during  the  temperature  changes. 

The  statistical  significance  of  the  difference  between  baseline  and  experimental  heart 
rates  was  evaluated  by  the  Mann-Whitney  U  test.  Each  animal  served  as  its  own  control. 
Thus  for  the  same  monkey,  the  six  to  ten  heart  rate  values  recorded  prior  to  thermal  change 
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Figure  1 

Effects  of  5°  C  Rise  in  Temperature  in  45-minutes  on  Se/eral 
Physiological  Parameters  in  Monkey  LI. 
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Figure  2 


Effects  of  5°  C  Temperature  Increase  in  17-minutes 
on  Several  Parameters  in  Monkey  MK. 
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Figure  3 

Effects  of  5°  C  Temperature  Increase  Maintained  for  One  Hour 
on  Heart  Rate  and  T-wave  Amplitude  in  Monkey  LZ. 
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Figure  4 

Effects  of  8°  Temperature  Decrease  on  Several  Parameters 
in  Monkey  LI.  Test  Was  Conducted  Five  Weeks  After 
the  Increased  Temperature  Session  Shown  in  figure  1 . 
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Summary  of  Individual  Heart  Rates  and  T-wave  Amplitudes 
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were  compared  with  the  three  to  five  values  obtained  during  the  trial  period.  The  heart 
rate  changes  during  heating  or  cooling  were  ail  highly  significant,  ranging  from  p<  .02 
to  p<.C02  on  the  two-tail  "U"  test.  The  changes  in  T-wave  amplitude  were  similarly 
evaluated.  The  difference  between  baseline  and  experimental  values  was  again  highly 
significant,  ranging  from  p4  .01  to  p4  .001  on  the  two-tail  test. 

Data  clearly  indicate  (Table  I)  that  a  decrease  in  ambient  temperature  produced  a 
greatly  increased  heart  rate  and  decreased  amplitude  of  T-wave  while  a  rise  in  environ¬ 
mental  temperature  caused  a  decrease  in  heart  rate  and  an  increase  in  T-wave  amplitude 
As  the  rate  of  temperature  change  increased,  the  latency  period  for  T-wave  and  heart 
rate  modifications  became  more  apparent. 

Table  I  further  demonstrates  that  an  unusually  rapid  and  extreme  rise  in  air  tempera¬ 
ture  produced  very  different  effects.  To  examine  the  latency  of  heart  rate  change  to  a 
fast  temperature  rise,  a  14°  C  change  was  used  at  a  rate  of  2.3°  C/minuie.  In  this  trial 
the  animal  exhibited  a  greatly  increased  heart  rote  and  reduced  T-wave  amplitude.  Al¬ 
though  air  temperature  declined  after  reaching  45°  C,  the  heart  rate  continued  to  accel¬ 
erate  to  420  and  440  beats/minute.* 


DISCUSSION 

In  this  study  unanesthetized  squirrel  monkeys  capable  of  maintaining  normal  body 
temperature  exhibited  cardiac  responses  to  small  heat  loads  characterized  by  a  decelerated 
heart  rate  and  increased  T-wave  amplitude.  This  finding  is  at  variance  with  the  cardiac 
response  of  humans  who,  though  maintaining  a  constant  body  temperature  upon  exposure  to 
environmental  heating,  show  significant  increases  in  heart  rate  (7,9,12).  It  is  possible 
that  a  similar  response  would  be  found  in  humans  as  in  monkeys  but  that  it  v/as  overlooked 
because  of  its  transitory  nature  and  limited  response  range.  Other  sources  for  this  Discrep¬ 
ancy  could  be  in  species  variations,  or  in  any  of  a  number  of  procedural  factors  such  as 
amount,  rate,  and  duration  of  environmental  heating.  Since  response  of  one  monkey  ex¬ 
posed  to  a  rapid  and  moderately  sized  environmental  temperature  increase  agrees  with  the 
human  response,  procedural  factors  appear  crucial  in  clarifying  the  extent  of  species  dif¬ 
ferences.  Since  rectal  temperature  remained  constant,  surface  temperature  receptors  ap¬ 
pear  to  mediate  heart  rate  changes.  The  onset  of  heart  rate  changes  frequently  occurred 
after  an  ambient  temperature  rise  of  only  2°-3°  C,  indicating  the  sensitivity  of  these 
temperature  receptors.  The  significance  of  these  sensitive  receptors  was  demonstrated  by 
the  death  of  a  monkey  exposed  to  a  rapid  temperature  change.  Evidently,  squirrel  mon¬ 
keys  are  not  able  to  tolerate  under  these  conditions  the  moderate  changes  in  environmental 
temperature  which  many  humans  undergo  daily. 


*The  monkey  was  removed  from  restraint  at  this  point  but  went  into  shock  and  died 
several  hours  later. 
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Our  findings  on  intact  monkeys  who  maintain  normal  body  temperatures  are  also  in 
contrast  with  heart  rate  data  obtained  in  studies  which  produce  a  hypo-  or  hyperthermic 
state.  For  example,  In  an  extensive  study  of  the  response  of  mammalian  hearts  to  tempera¬ 
ture,  Adolph  (1)  found  that  heart  rate  was  essentially  a  linear  function  of  body  temperature. 
Using  Capuchin  and  Spider  monkeys  as  subjects,  Wilber  (15,16)  recently  reported  data  on 
EKG  values  during  hypothermia  resulting  from  anesthesia.  As  in  Adolph's  study,  heart 
rate  decreased  as  the  temperature  of  the  body  declined.  In  humans,  heart  rate  reportedly 
increased  by  about  10.5  beats/minute  for  each  1°  F  increase  in  body  temperature  (14). 
Isolated  heart  preparations  show  a  similar  direct  relationship  to  temperature  with  a  Q 
usually  much  greater  than  one. 

A  change  in  heart  raie  is  considered  a  reliable  index  of  the  relative  activity  of  the 
two  divisions  of  the  autonomic  nervous  system  (11).  Accordingly,  the  decrease  in  heart 
rate  found  in  squirrel  monkeys  during  exposure  to  warm  air  might  reflect  increased  para¬ 
sympathetic  tone  and/or  decreased  sympathetic  activity  (4).  An  animal  can  respond  to 
increased  heat  loads  either  by  increasing  its  heat  ioss,  or  decreasing  its  heot  production, 
or  both.  While  redistribution  of  the  blood  to  the  surface  is  a  frequent  mechanism  for  in¬ 
creasing  the  loss  of  body  heat,  the  occurrence  of  peripheral  vasodilation  usually  causes 
a  drop  in  blood  pressure.  In  accordance  with  Marey's  law  (4),  a  decreased  blood  pres¬ 
sure  should  lead  to  an  increased  heart  rate.  As  evidenced  by  the  reverse  response  of  the 
squirrel  monkey  to  heat,  either  other  physiological  factors  are  overriding  the  blood 
pressure/heart  rate  relationship  or  peripheral  vasodilation  is  not  occurring.  The  stability 
of  skin  temperature  recorded  in  one  monkey  (LI,  Figure  1)  suggests  that,  under  these  mild 
conditions,  body  heat  is  not  being  dissipated  through  ,  jsodilation .  .Another  explanation 
for  our  findings  could  be  related  to  the  fact  that  the  heart  is  a  major  heat  producing  organ 
in  the  body.  Deceleration  of  the  heart  then  would  reduce  the  production  of  body  heat  as 
a  counterbalance  to  imposed  heat  loads  from  outside. 

Our  finding  that  heart  rate  accelerates  during  exposure  to  cold  agrees  with  studies  on 
cats  (6)  and  humans  (5,10),  The  increased  heart  rate  presumably  reflects  the  heightened 
activity  of  the  sympathetic  nervous  system  with  concomitant  peripheral  vasoconstriction 
and  shivering. 

Throughout  all  trials  an  inverse  relationship  between  heart  rate  and  T-wave  amplitude 
was  observed.  A  similar  correlation  between  circulation  and  T-wave  amplitude  was  found 
in  an  investigation  of  the  factors  influencing  the  T-wave  of  the  EKG  in  humans  (13).  The 
suggestion  that  parasympathetic  activation  is  associated  with  an  augmented  T-wave  (1 1) 
agrees  with  our  data. 

It  is  not  entirely  surprising  that  a  direct  correlation  between  hearr  and  breathing  rates 
v/as  typically  observed.  But  heart  rate  change  was  not  controlled  by  breathing  rate  since, 
in  one  trial,  the  heart  rate  declined  with  no  detectable  change  in  respiration.  It  is  of 
interest  that  the  breathing  rate  like  the  heart  rate  showed  a  decline  during  heating  rather 
than  the  expected  increase.  This  indicates  that  the  squirrel  monkey  was  not  using  panting 
To  reduce  his  temperature. 
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that  our  results  are  arfriQuraoie  to  rectors  other  man  temperature,  rluc- 
tuations  in  room  noise  were  masked  by  the  use  of  a  continuous  "white "  noise  throughout 
each  trial.  The  monkey  was  visually  isolated  from  us.  Adequate  ventilation  precluded 
asphyxia  as  a  factor  during  heating.  The  data  ort  two  animals  exposed  to  both  heat  and 
cold  demonstrate  that  the  cardioc  response  was  contingent  on  the  direction  of  temperature 
change  and  that  excitement  during  exposure  was  not  a  factor. 


In  view  of  the  increased  use  of  the  squirrel  monkey  as  an  experimental  animal  and 
the  unusual  nature  of  its  response  to  environmental  temperature  changes,  it  would  be  of 
interest  to  extend  these  observations.  It  is  clear  that  ;n  future  experiments  involving  the 
EKG  of  the  squirrel  monkey  the  environmental  tempe  uture  rn^st  be  controlled  very  closely. 
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